(4) PIP Controller: 



PI D is a control technique used to calculate the output signal used to 
drive an actuator (for ex. pump or heating element). Essentially a 
three term controller takes a measured value from the sensor (for ex. 
flow-meter, temperature, and pressure transducer or level sensor) 
and compares it with the set point (desired value). The discrepancy 
between the measured and desired values, called the error, is used 
to determine the control output signal. This is all represented in the 
above block diagram. 

In many cases the controller of choice is called "three term 
algorithm". This takes its name from the fact that the control output is 
determined from the error signal (set point minus measured value) by 
means of a calculation involving up to three distinct mathematical 
operations. 

A three term controller consists of elements which are proportional to 
the: 



• Magnitude of the error signal-'proportional term" 

• Time integral of the error signal-"integral term" 

• Time derivative of the error signal-'derivative term" 

Proportional Control Term 

The output of a proportional controller (or the portion of the output of 
a two or three term controller contributed by its proportional term) is 
proportional to the error between the set point (SP) and the 
measured valve (MV). 

Integral Control Term 

The integral control term is often used to remove proportional offset 
errors. It determines a component of controller output (Ml) based 
upon the history of the error. It is calculated by multiplying the net 
area under the error curve, e(t), by PG divided by the integral action 
time (IAT) in seconds. 

Derivative Control Term 

The derivative control term is often used to reduce the response time 
of the system. It determines a component of controller output (MD) 
based upon the current rate of change of the error. It is calculated by 
multiplying the gradient of the error, e(t), by PG times the derivative 
action time (DAT) in seconds. 

Ziegler Nichols Tuning: 

Ziegler Nichols tuning is a semi-empirical method of controller tuning 
that gives a reasonable guide to the parameters PG, IAT and DAT. 


Once the values have been determined it might be necessary to 
apply some fine tuning for optimum performance but in general, 
Ziegler Nicholls tuning gives acceptable results for many systems. 


The methodology is by making integral and derivative control actions 
are reduced to zero and the controller gain (PG) is gradually 
increased until the onset of permanent oscillations. At this point the 
gain (kp) and the period of oscillation (T) are recorded. The 
recommended control parameter settings are then: 



PG 

IAT 

DAT 

PI Controller: 

0.45 kp 

^ 0.83T 


PID Controller: 

i l k s: 

0.6 kD 

0.5T 

0.1 25T 
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